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(57) ABSTRACT

A disclosed device cryogenic refrigerator includes a first
stage displacer; a first stage cylinder configured to form a
first expansion space between the first stage cylinder and the
first stage displacer; a second stage displacer connected to
the first stage displacer; and a second stage cylinder con-
figured to form a second expansion space between the
second stage cylinder and the second stage displacer,
wherein the second stage displacer includes a helical groove
formed on an outer peripheral surface of the second stage
displacer so as to helically extend from the second expan-
s101 space, a tlow resistor communicating with a side of the
first stage displacer in the helical groove, and a flow path
connecting the flow resistor to a side of the first expansion
space, wherein the flow resistor 1s always positioned on a
side of the second expansion space relative to the first
expansion space.
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1
CRYOGENIC REFRIGERATOR

CROSS-REFERENCE TO RELATED
APPLICATIONS

This patent application 1s based upon and claims the

benelit of priority of Japanese Patent Application No. 2011 -
221266 filed on Oct. 5, 2011 the entire contents of which are
incorporated herein by reference.

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention generally relates to a cryogenic
refrigerator which generates cold (a cold thermal energy by
causing an ultra-low temperature) by generating Simon
expansion using a high-pressure refrigerant gas supplied
from a compression device.

2. Description of the Related Art

For example, the Patent Document 1 discloses a Giflord-
McMahon (GM) refrigerator causing a gas existing inside a
gap between a piston of the GM refrigerator and a cylinder
of the GM relrigerator to expand. This GM refrigerator has
a linear groove functioming as a phase shifting mechanism.
|Patent Document 1] Chinese Laid-open Patent Publication

No. 101900447 A

SUMMARY OF THE INVENTION

According to an aspect of the present invention, there 1s
provided a regenerative type refrigerator mcluding: a first
stage displacer; a first stage cylinder configured to form a
first expansion space between the first stage cylinder and the
first stage displacer; a second stage displacer connected to
the first stage displacer; and a second stage cylinder con-
figured to form a second expansion space between the
second stage cylinder and the second stage displacer,
wherein the second stage displacer includes a helical groove
formed on an outer peripheral surface of the second stage
displacer so as to helically extend from the second expan-
s10n space, a flow resistor communicating with a side of the
first stage displacer in the helical groove, and a flow path
connecting the tflow resistor to a side of the first expansion
space, wherein the flow resistor 1s always positioned on a
side of the second expansion space relative to the first
expansion space.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 schematically illustrates an exemplary cryogenic
refrigerator of a first embodiment;

FIG. 2 schematically illustrates a tlow of a gas 1n which
a side clearance of the cryogenic refrigerator 1s regarded as
a pulse tube of a virtual pulse tube refrigerator;

FIGS. 3A and 3B schematically illustrate exemplary
cryogenic refrigerators of a second embodiment;

FIG. 4 schematically illustrates an exemplary cryogenic
refrigerator of a third embodiment; and

FIG. 5 schematically illustrates an exemplary cryogenic
refrigerator of a fourth embodiment.

DETAILED DESCRIPTION OF TH.
PREFERRED EMBODIMENTS

L1

According to the above structure disclosed 1n the Patent
Document 1, a high temperature side of the linear groove
repeatedly enters 1into and exits from an expansion space on
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2

a side of a first stage while a two-stage type displacer
reciprocates. Therefore, the tlow path resistance of a flow

resistor changes. Therefore, there 1s a problem that refrig-
eration efliciency 1s not enhanced.

The object of the embodiments of the present invention 1s
to provide a cryogenic refrigerator which can effectively
enhance relrigeration efliciency solving one or more of the
problems discussed above.

Preferred embodiments of the present invention are
explained next with reference to accompanying drawings.

First Embodiment

A cryogenic reirigerator 1 of the first embodiment may be
of a Giflord-McMahon (GM) type. Referring to FIG. 1, the
cryogenic refrigerator 1 includes a first stage displacer 2, a
first stage cylinder 4 forming a first expansion space 3
between the first stage cylinder 4 and the first stage displacer
2, a second stage displacer 5 connected to the first stage
displacer 2, and a second stage cylinder 7 forming a second
expansion space 6 between the second stage cylinder 7 and
the second stage displacer 3.

Further, the cryogenic refrigerator 1 includes a helical
groove 8 formed on an outer peripheral surface of the second
stage displacer 5 and helically extends from the second
expansion space 6, a flow resistor 9 communicating with a
side of the first stage displacer 2 1n the helical groove 8, and
a flow path 10 communicating with a side of the first
expansion space 3 in the tlow resistor 9. The flow resistor 9
1s always positioned on a side of the second expansion space
6 relative to the first expansion space 3.

The first stage displacer 2 and the second stage displacer
5 have cylindrical outer peripheral surfaces, respectively. A
first regenerator 11 is provided 1nside the first stage displacer
2. A second regenerator 12 1s provided in the second stage
displacer 5. A sealing portion 13 1s provided between a
portion on the high temperature side of the first stage
displacer 2 and the first stage cylinder 4. A supply and
discharge pipe 1s connected to the upper end of the first stage
cylinder 4. The supply and discharge pipe 1s included 1n
pipes for connecting various parts of a supply and discharge
system such as a compressor 14, a supply valve 15, and a
return valve 16.

An axis member (not illustrated) 1s connected to the upper
end of the first stage displacer 2. The axis member protrudes
from the upper end of the first stage cylinder 4 and 1is
connected to a driving motor (not illustrated) via a crank
mechanism (not 1llustrated). The axis member, the crank
mechanism, and the driving motor form a driving mecha-
nism for reciprocating the first stage displacer 2 and the
second stage displacer 5 1n the axial directions.

The first stage displacer 2 1s accommodated in the first
stage cylinder 4, which 1s shaped like an upside down
bottomed cylinder (a capped cylinder) having an opened
lower end. The second stage displacer 5 1s accommodated
inside the second stage cylinder 7, which 1s shaped like an
upside down bottomed cylinder (a capped cylinder) having
an opened lower end. The first stage cylinder 4 and the
second stage cylinder 7 are integrally formed.

For example, stainless steel may be used as a material of
the first and second stage cylinders 4 and 7 to achieve high
strength, low thermal conductivity, and suilicient helium
interruption capability. For example, a phenol resin includ-
ing fabric or the like 1s used for the first stage displacer 2 to
obtain a lighter specific gravity, more suilicient wear resis-
tance, higher strength, and lower thermal conductivity. The
second stage displacer 5 1s a metallic cylinder on the outer
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periphery of which a coating such as tluorine contained resin
having high wear resistance 1s provided. The first regenera-
tor 11 1s formed of a first regenerative material such as a
screen. The second regenerator 12 1s formed by holding a
regenerative material such as lead spheres in the axial
directions by felt and screens.

The helical groove 8 1s formed on the outer peripheral
surface of the second stage displacer 5. The helical groove
8 has a start end communicating with the second expansion
space 6, helically extends toward the side of the first
expansion space 3, and has a final end ending at a middle
position 1n the axial direction of the second stage displacer
5.

Further, the flow resistor 9 1n a groove-like shape 1s
formed on the outer peripheral surface of the second stage
displacer 5 so as to extend from the end of the helical groove
8 1 an axial direction (a longitudinal direction) of the
second stage displacer 5. Referring to FIG. 1, the end of the
flow resistor 9 1s positioned lower than the bottom of the first
stage cylinder 4 when the first stage displacer 2 and the
second stage displacer 3 are positioned at their upper dead
centers. A tlow path 10 i1s further formed on the outer
peripheral surface of the second stage displacer 5 and
extends from the end of the flow resistor 9 to the top of the
second displacer 5 so as to communicate with the first
expansion space 3.

As described, the flow resistor 9 always exists on the side
of the second expansion space 6 relative to the first expan-
sion space 3. When the first stage displacer 2 1s positioned
at the upper dead center where the first expansion space 3
becomes maximum, the flow resistor 9 1s entirely positioned
on the side of the second expansion space 6 relative to an
exposing portion of the outer peripheral surface of the
second stage displacer 5 exposed to the first expansion space
3. Referring to FIG. 1, the upper end of the tlow resistor 9
1s positioned below the bottom of the first cylinder 4 forming
the first expansion space 3.

The tlow path 10 1s formed on the outer peripheral surface
of the second stage displacer 3 so as to extend in the axial
direction of the second stage displacer 5. A cross-sectional
arca A10 (a corresponding area 1s indicated by a dashed oval
in FIG. 1) of the tlow path 10 1n a cross-sectional view
perpendicular to the axial direction 1s greater than a cross-
sectional area A9 (a corresponding area 1s indicated by a
dashed oval in FIG. 1) of the flow resistor 9 1 a cross-
sectional view perpendicular to a direction of extending the
flow resistor 9 (A10>A9).

When the compressor 14 1s operated and the supply valve
15 1s opened, a high pressure helium gas 1s supplied from the
above supply and discharge pipe into the first stage cylinder
4 via the supply valve 15. The high pressure helium gas 1s
turther supplied to the first expansion space 3 via a com-
municating passage for communication of the refrigerant gas
between an upper end inside the first stage displacer 2 and
the first regenerator 11 and a communicating passage for
communication of the refrigerant gas between the first
regenerator 11 and the first expansion space 3.

The high pressure helium gas supplied to the first expan-
s1on space 3 1s further supplied to the second regenerator 12
via a communicating passage for communication of the
reirigerant gas between the first expansion space 3 and the
second regenerator 12, and 1s supplied to the second expan-
s10n space 6 via a communicating passage for communica-
tion of the refrigerant gas between the second regenerator 12
and the second expansion space 6. A part of the high pressure
helium gas other than that supplied to the first expansion
space 3 1s supplied to the high pressure side of the helical
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4

groove via the flow path 10 and the flow resistor 9 formed
on the outer peripheral surtface of the second displacer 5 as
a gas passage. A part of the high pressure helium gas
supplied to the second expansion space 6 1s supplied to a low
temperature side iside the helical groove 8.

FIG. 2 schematically illustrates a flow of a gas in which
a side clearance of the cryogenic refrigerator 1s regarded as
a pulse tube of a virtual pulse tube refrigerator. The tlow
resistor 9 corresponds to an orifice arranged on a commu-
nicating passage connecting the supply and discharge pipe to
the high pressure side of the helical groove 8. The refrigerant
gas 1nside the helical groove 8 corresponds to a virtual gas
piston 8P (a substantially center portion of the helical groove
8 1n the axial direction).

The length of the virtual gas piston 8P i1n the axial
direction and the phase of the virtual gas piston 8P may be
adjusted so that the virtual gas piston 8P 1s always accom-
modated inside the helical groove 8 during reciprocation of
the helical groove 8 and so that a high temperature side
space 8H exists on the high temperature side of the virtual
gas piston 8P and a low temperature side space 8L exists on
the low temperature side of the virtual gas piston 8P. The
length of the virtual gas piston 8P 1n the axial direction and
the phase of the wvirtual gas piston 8P are adjusted by
changing the cross-sectional area and the length of the tlow
resistor (the orifice) 9 functioning as a phase shifting mecha-
nism.

Next, the operation of the refrigerator 1s described. At a
certain time point of supplying the refrigerant gas, the first
stage displacer 2 and the second stage displacer 5 are
positioned at lower dead centers 1n the first stage cylinder 4
and the second stage cylinder 7, respectively. At this timing
or a ttiming shightly different from this timing, the supply
valve 15 1s opened. Then, a high pressure hellum gas 1s
supplied 1nside the first stage cylinder 4 from a supply and
discharge pipe via the supply valve 15. The high pressure
helium gas flows inside the first stage displacer 2 (into the
first regenerator 11) from an upper portion of the first stage
displacer 2. The high pressure helium gas flowing inside the
first regenerator 11 1s supplied 1nto the first expansion space
3 via the communicating passage positioned at the lower
portion of the first stage displacer 2 while being cooled by
the first regenerative matenial.

Most of the high pressure helium gas supplied to the first
expansion space 3 1s then supplied to the second regenerator
12 via a communication passage (not illustrated). The
residual helium gas which 1s not supplied to the second
regenerator 12 1s supplied from the high temperature side to
the helical groove 8 via the flow path 10 and the flow resistor
9. This gas corresponds to the helium gas existing in the high
temperature side space 8H i FIG. 2, which functions to
prevent the virtual gas piston 8P from flowing toward the
first expansion space 3 from the helical groove 8. Because
the cross-sectional area of the flow path 10 1s sufliciently
greater than the cross-sectional area of the flow resistor 9,
the resistance of the helium gas 1n flowing through the flow
path 10 1s substantially smaller than the resistance of the
helium gas on flowing through the flow resistor 9. Therefore,
the intlow resistance of the helium gas flowing from the first
expansion space 3 to the high temperature side space 8H can
be adjusted by changing the total length and the cross-
sectional area of the tlow resistor 9.

The high pressure helium gas flowing into the second
regenerator 12 1s cooled by the second regenerative material
inside the second regenerator and 1s supplied to the second
expansion space 6. A part of the high pressure helium gas
supplied to the second expansion space 6 1s supplied into the
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low temperature side helical groove 8 from the low tem-
perature side. This gas corresponds to the helium gas exist-
ing inside the low temperature side space 8L 1n FIG. 3.
As described, since the cross-sectional area of the flow
resistor 9 1s smaller the than cross-sectional area of the
helical groove 8, the inflow resistance of the hellum gas

flowing into the high temperature side space 8H (tlowing

inside the helical groove 8) 1s greater than the intlow

resistance of the helium gas tlowing into the low tempera-
ture side space 8L (inside the helical groove 8). Therelore,
the amount of the helium gas flowing inside the high

temperature side space 8H 1s smaller than the amount of the

helium gas tlowing inside the low temperature side space 8L
thereby preventing the gas in the high temperature side
space 8H from flowing into the second expansion space 6.

As described, the first expansion space 3, the second
expansion space 6 and the helical groove 8 are filled with the
high pressure hellum gas and the supply valve 15 is closed.
At this time, the first stage displacer 2 and the second stage
displacer 5 are positioned at the upper dead centers 1n the
first stage cylinder 4 and the second stage cylinder 7,
respectively. At this timing or a timing shightly different
from this timing, the return valve 16 1s opened. Then, the
refrigerant gas inside the first expansion space 3, the second
expansion space 6 and the helical groove 8 are depressurized
to thereby expand. The helium gas 1nside the first expansion
space 3 having a low temperature by the expansion absorbs
heat of a first cooling stage (not 1llustrated) and the helium
gas 1n the second expansion space 6 absorbs heat of a second
cooling stage (not 1illustrated).

The first stage displacer 2 and the second stage displacer
5 move toward the lower dead centers thereby reducing the
volumes of the first expansion space 3 and the second
expansion space 6. The helium gas 1nside the second expan-
s10n space 6 1s recovered into the first expansion space 3 via
the second regenerator 12. The helium gas on the low
temperature side space 8L in the helical groove 8 1s recov-
ered via the second expansion space 6.

The helium gas 1n the first expansion space 3 returns to the
compressor 14 via the first regenerator 11 to a suction side
of the compressor 12. At this time, the first regenerative
material and the second regenerative material are cooled by
the refrigerant gas. These processes form one cycle. The first
cooling stage and the second cooling stage are cooled by
repeating the cycle.

The following functions and eflects are obtainable by the
cryogenic reirigerator 1 of the first embodiment. The virtual
gas piston 8P 1s realized inside the helical groove 8 forming
the side clearance between the second stage displacer 5 and
the second stage cylinder 7 to cause the gas piston 8P to
function as the sealing portion for preventing the helium gas
from communicating between the high and low temperature
sides of the side clearance.

Said differently, the virtual gas piston realized by using
the side clearance between the outer peripheral surface of
the second displacer 5 and the inner peripheral surface of the
second stage cylinder 7 prevents the helium gas from
bi-directionally moving thereby preventing generation of
leakage loss. Thus, the refrigeration efliciency can be
enhanced.

Additionally, the side clearance can be regarded as the
virtual pulse tube refrigerator due to the virtual gas piston
8P. Then, 1t 15 possible to use the low temperature side space
8L on the low temperature side of the gas piston 8P as a third
expansion space. Thus, 1t 1s possible to enhance refrigeration
eiliciency.
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Further, a double inlet forming the phase shifting mecha-
nism for adjusting the length of the virtual gas piston 8P in

the axial direction and the phase of the virtual gas piston 8P
1s realized by the first tlow resistor 9 in a groove-like shape
extending 1n the axial direction on the outer peripheral
surface of the second stage displacer 5. Theretfore, the phase
shifting mechanism can be further easily formed. Further,
the tlow resistor 9 1s formed so as not to enter 1to the first
expansion space 3 regardless of the above reciprocation of
the first stage displacer 2 and the second stage displacer 5.
Theretfore, the flow rate coeflicient as the double inlet 1s
constant along the entire region of the reciprocation to
thereby stabilize a phase shifting function.

Within the first embodiment, it 1s possible to stabilize a
phase shifting function. Therefore, it 1s possible to stabilize
the length and the phase of the virtual gas piston 8P and the
above described function of the sealing portion. The leakage
loss can be further secured. Furthermore, the refrigeration
elliciency can be further securely enhanced by providing the
third expansion space.

Although the flow resistor 9 extends 1n the axial direction
on the outer peripheral surface of the second stage displacer
5, the tlow resistor 9 may instead be a hole communicating
with the end of the helical groove 8 by downwardly extend-
ing from the start end of the flow path 10.

Second Embodiment

In the above cryogenic refrigerator 1 of the first embodi-
ment, the high pressure helium gas flows from the first
expansion space 3 to the helical groove 8 through the flow
path 10 and the flow resistor 9. The low pressure helium gas
flows from the helical groove 8 to the first expansion space
3. Said differently, the refrigerant gas bi-directionally tlows
through the flow resistor 9 functioning as the double 1nlet.
Since a high pressure helium gas has a density higher than
that of a low pressure helium gas, the high pressure helium
gas has a smaller flow velocity and a smaller pressure loss
than the low pressure helium gas. Therefore, the amount of
the high pressure helium gas flowing through the flow
resistor per cycle 1s shightly greater than the amount of the
low pressure helium gas flowing through the high pressure
helical groove 8 per cycle. Therelore, the gas flow rates 1n
the bi-directional flows are not balanced. As a result, a
steady-state flow directed from the high temperature side of
the helical groove 8 to the low-temperature side of the
helical groove 8 may be generated every time the cooling
cycles are repeated. Referring to FIG. 2, this flow 1s a
secondary tlow along an arrow L in a clockwise direction.

Within the second embodiment, the constant cross-sec-
tional area A10 (a corresponding area i1s indicated by a
dashed oval in FIG. 3A) of the tlow path 10 1n the extending
direction 1n FIG. 3A of the first embodiment 1s changed to
a continuously increasing cross-sectional area starting from
the tlow resistor 9 as illustrated 1n FIG. 3B of the second
embodiment. Referring to FIG. 3B, the cross-sectional area
A10 (a corresponding area 1s indicated by a dashed oval 1n
FIG. 3B) of the tlow path 10 i1s adjusted by changing the
width perpendicular to the radius direction of the second
stage displacer 5. However, the depth in the radius direction
may be adjusted alone or 1n addition to the adjustment of the
width.

Thus, 1t 1s possible to give a resistance ol preventing
generation of a secondary flow to a tlow of the helium gas
by reducing the cross-sectional area A10 of the tlow path 10.
The flow path resistance of the helium gas caused when the
helium gas tlows from the first expansion space 3 through
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the tlow resistor 9 to the helical groove 8 1s greater than the
flow path resistance of the helium gas caused when the
helium gas flows from the helical groove 8 through the flow
resistor 9 to the first expansion space 3 thereby restricting
the generation of the secondary flow. Therefore, a heat loss
caused by the secondary tlow L can be prevented to thereby
enhance relfrigeration ethiciency.

Third Embodiment

The third embodiment 1s described 1n detail. Within the
first and second embodiments, the flow path 10 1s provided
on the outer peripheral surtface of the second displacer 5.
However, the tlow path 10 may be arranged along the radius
direction of the second displacer 5.

Except for a flow path 10-1, a cryogenic refrigerator 1 of
the third embodiment has a structure basically similar to that
of the first embodiment. Therefore, the same reference
symbols are applied to the same portions and description of
the different portions are mainly described. Referring to
FIG. 4, the cryogenic refrigerator 1 of the third embodiment
includes a helical groove 8 formed on an outer peripheral
surface of a second stage displacer 5 and helically extends
from a second expansion space 6, a tlow resistor 9 commu-
nicating with the helical groove 8 on a side of the first stage
displacer 2, and the flow path 10-1 connecting the flow
resistor 9 to a first expansion space 3. The flow resistor 9 1s

always positioned inside the second stage cylinder 7 relative
to the first expansion space 3.

Within the third embodiment 3, the flow resistor 9 1s
shaped like a groove extending on the outer peripheral
surface of the second stage displacer 3 1n the axial direction.
Referring to FIG. 4, the upper end of the flow resistor 9 1s
always positioned lower than a first expansion space 3,
namely around the bottom portion of the first stage cylinder
4.

Within the third embodiment, 1n a manner similar to the
first embodiment, the helical groove 8 forming the side
clearance between the outer peripheral surface of the second
stage displacer 5 and the inner peripheral surface of the
second stage cylinder 7 1s regarded as a pulse tube refrig-
erator as illustrated in FIG. 2 to form the virtual gas piston
8P inside the helical groove 8. Then, the flow resistor 9
having a constant tlow rate coellicient 1s regarded as the
double inlet of which phase and length are appropnately
adjustable.

Said differently, it becomes possible to enhance refrigera-
tion etliciency by securely providing a sealing function to
the virtual gas piston 8P to thereby prevent a leakage loss.
Further, the refrigeration etliciency can also be enhanced by
additionally cooling using a low temperature side space 8L
of the helical groove 8 as a third expansion space.

Further, the helium gas flowing inside the high tempera-
ture side space 8H flows via the second regenerator 12.
Theretfore, the refrigerant gas cooled to have a lower tem-
perature than that in the first embodiment preferably flows
into the helical groove 8.

Fourth Embodiment

Within the above first to third embodiments, the flow
resistor 9 extends on the outer peripheral surface 1n the axial
direction as the groove. A flow path may be formed by a hole
extending in the radius direction of the second stage dis-
placer 5 so that the hole functions as a flow resistor. The
tourth embodiment 1s described next.
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Except for a flow path 10-2, a cryogenic retfrigerator 1 of
the fourth embodiment has a structure basically similar to
that of the third embodiment. Therefore, the same reference
symbols are applied to the same portions and description of
the different portions are mainly described.

Referring to FIG. 5, the cryogenic refrigerator 1 includes
a helical groove formed on an outer peripheral surface of a
second displacer 5 and helically extending from the second
expansion space 6, and the tlow path 10-2 communicating
with the helical groove 8 on the side of a first stage displacer
2. The flow path 10-2 extends 1n the radius direction of the
second stage displacer S and communicates with the second
regenerator 12. The tlow path 10-2 1s always positioned on
the side of a second expansion space 6 relative to a first
expansion space 3. Therefore, the flow path 10-2 1s not
constantly exposed to the first expansion space 3 regardless
of the above reciprocation of the first stage displacer 2 and
the second stage displacer 3.

Within the fourth embodiment, a communicating portion
81 communicates with the flow path 10-2 of the helical
groove 8. The cross-sectional area of the helical groove 8
perpendicular to a direction along the communicating por-
tion 81 becomes continuously small from the side of the
helical groove 8 to the tlow path 10-2. Thus, a helium gas
smoothly flows at the communication portion 8T.

Within the fourth embodiment, in a manner similar to the
first embodiment, the helical groove 8 forming the side
clearance between the outer peripheral surface of the second
stage displacer 5 and the inner peripheral surface of the
second stage cylinder 7 1s regarded as a pulse tube refrig-
crator as illustrated 1n FIG. 2 to form the virtual gas piston
8P inside the helical groove 8. Then, the flow path 10-2
having the flow resistor 1s regarded as a double inlet of
which phase and length are appropriately adjustable to
realize a sealing function with the gas piston 8P. Said
differently, a leakage loss 1s prevented to enhance refrigera-
tion efhiciency. Further, a low temperature side space 8L
inside the helical groove 8a 1s used as a third expansion
space to thereby enhance the refrigeration efliciency.

Further, the flow path 10-2 1s also the flow resistor. The
cross-sectional area of the tlow resistor 1s made smaller than
the cross-sectional area of the helical groove 1n order to
reduce the flow rate coeilicient. Further, by reducing the
inner diameter of the flow path 10-2 to be smaller than outer
diameters of lead spheres as a second regenerative material
of the second regenerator 12, the lead spheres are prevented
from intruding from an opening 1n the flow path 10-2 on the
side of the second regenerator 12. Thus, lead spheres are
prevented from dropping off the outside of the second
regenerator 12.

When 1t 1s necessary to increase the mner diameter of the
flow path 10-2 to be greater than the outer diameter of the
second regenerative material, an appropriate drop prevent-
ing part having reticulation smaller than the diameters of the
lead spheres 1s provided on the flow path 10-2 on the side of
the second regenerator 12.

Although the cryogenic reifrigerator described above has
the two stages of the displacers, the number of the stages
may be appropniately changed to three or the like.

Within the embodiments, the flow resistor 9 and the flow
path 10 are shaped like grooves on the outer peripheral
surface of the second stage displacer 3 1n the axial direction.
However, the shape i1s not limited to the grooves. For
example, the tflow resistor 9 and the tlow path 10 may further
extend from the helical groove 8 in the direction of the
helical groove 8.
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As described, the embodiments provide a cryogenic
refrigerator which can reduce the leakage loss 1n the side
clearance and enhance the refrigeration efliciency by using
the side clearance as the third expansion space.

As described, within the embodiments, 1t 1s possible to
securely adjust the length in the axial direction and the phase
of the virtual gas piston 1n using the side clearance as the
pulse tube type refrigerator.

All examples and conditional language recited herein are
intended for pedagogical purposes to aid the reader in
understanding the embodiments and the concepts contrib-
uted by the mnventor to furthering the art, and are to be
construed as being without limitation to such specifically
recited examples and conditions, nor does the organization
of such examples 1n the specification relate to a showing of
superiority or inferiority of the embodiments. Although the
cryogenic relfrigerator have been described in detail, 1t
should be understood that the various changes, substitutions,
and alterations could be made hereto without departing from
the spirit and scope of the mvention.

What 1s claimed 1s:
1. A cryogenic refrigerator comprising;:
a first stage displacer;
a 1irst stage cylinder configured to form a {irst expansion
space between the first stage cylinder and the first stage
displacer;
a second stage displacer connected to the first stage
displacer; and
a second stage cylinder configured to form a second
expansion space between the second stage cylinder and
the second stage displacer,
wherein the second stage displacer includes
a helical groove formed on an outer peripheral surface
of the second stage displacer so as to helically extend
from the second expansion space,

a flow resistor communicating with a side of the first
stage displacer, including a communication hole
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extending 1n a radius direction of the second stage
displacer, and causing a side clearance between the
outer peripheral surface of the second stage displacer
including the helical groove and an inner peripheral
surtface of the second stage cylinder to communicate
with an 1nside of the second stage displacer,
a flow path connecting the tlow resistor to a side of the
first expansion space, and
a communication passage communicating with a regen-
erator positioned inside the second stage displacer so
as to connect the second expansion space to the
regenerator,
wherein a vertical position of the flow resistor 1s within an
area lower than the first expansion space and upper than
the second expansion space so that the flow resistor 1s
always positioned on a side of the second expansion
space away the first expansion space.
2. The cryogenic refrigerator according to claim 1,
wherein the flow path extends 1n an axial direction of the
second stage displacer on the outer peripheral surface
of the second stage displacer,
wherein a cross-sectional area of the flow path 1 a
cross-sectional view perpendicular to the axial direc-
tion of the flow path 1s greater than a cross-sectional
arca ol the flow resistor in a cross-sectional view
perpendicular to a direction of extending the flow
resistor.
3. The cryogenic refrigerator according to claim 2,
wherein the cross-sectional area of the flow path continu-
ously increases as a portion of the flow path corre-
sponding to the cross-sectional area 1s apart from the
flow resistor.
4. The cryogenic refrigerator according to claim 2,
wherein the flow path has a shape of extending 1n a radius
direction of the second stage displacer and 1s config-
ured to function as the flow resistor.
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